Choline kinase has been partially purified from pea seedlings and its properties studied. Using sequence information from soya bean and other choline kinases, we have also isolated a cDNA encoding the enzyme. It encodes a protein of 343 amino acids (calculated molecular mass of 39785 Da), which shows 827; homology with the soya bean choline kinase. The protein has been expressed in Eschericiha coli with very good activity and high expression levels.
Introduction
Phosphatidylcholine is the major lipid of most plant membranes (with the notable exception of chloroplasts) and it is made predominantly by the CDP-base pathway [l] . Choline kinase (EC 2.7.1.32) catalyses the initial reaction of this pathway, in which choline is phosphorylated by ATP. Wittenberg and Kornberg [2] first demonstrated choline kinase in brewer's yeast as well as in extracts of acetone powders from animal tissues. T h e enzyme has been characterized in rape seed [3] , spinach leaves [4] , soya bean [5] and castor bean endosperm [6] , and it has been partially purified from soyabean [7] .
We have been studying the control of phosphatidylcholine synthesis, especially as a result of hormonal regulation in peas (e.g. [8]) and, therefore, had an interest in purifying choline kinase and isolating its cDNA. T h e latter has been cloned from animals, yeast and soya bean. In soya bean, three cDNAs were found, two of which had fullKey words: Pisurn sobvurn, heterologous expression. Abbreviation used: IPTG, isopropyl P-D-thiogalactoside. 'To whom correspondence should be addressed (e-mail harwood@cardifEac.uk).
length reading frames coding for proteins of 359 and 362 amino acids [9] . We have used this sequence information to isolate a pea choline kinase cDNA.
Materials and methods

Partial purification of choline kinase
A soluble extract from shoots of 34-day-old seeds was purified by ammonium sulphate precipitation, DEAE-ion exchange, gel-permeation and affinity chromatography, the latter on cholineSepharose.
Reverse-transcriptase PCR
Total RNA was isolated by using RNeasy Plant Mini Kit (Qiagen). mRNA was isolated from total RNA by using the Oligotex mRNA Mini Kit (Qiagen) according to the manufacturer's instructions. mRNA was reverse-transcribed to cDNA using an oligo(dT) primer to obtain the first strand of cDNA. T h e PCR conditions were as follows: using hot start procedure (PE Biosystems), 95 "C for 10 min and then 80 "C for 30 rnin followed by 32 cycles at 95 "C for 1 min, annealing temperature for 1 min, 72 "C for 2 rnin and finally an extension step at 72 "C for 5 min. T h e PCR products were separated by agarose gel electrophoresis, stained with ethidium bromide and visualized under a UV illuminator.
Expression of choline kinase in Escherichia coli
T h e expression of the entire coding region of choline kinase cDNA in Escherichia coli cells (TOP10 One Shot) was carried out using the expression vector pTrcHis2 T O P 0 T A Cloning@ 
Results and discussion
Sacchoromyces cerevisiae 004454) 33
Pea choline kinase was partially purified and characterized. T h e enzyme has an absolute requirement for Mg2+-ATP with maximum activity obtained at about 1 0 m M . T h e optimal Mg2+-A T P concentration obtained from castor bean endosperm was 9 m M [6] . In rape seed [3] and spinach leaves [4] , the maximum activity was observed when the ratio of Mg2+/ATP was equal to 1. T h e pH optimum was 8.7. In rape seed [3] and spinach leaves [4] , the optimum p H was found in the range between 8.0 and 10.0, while in castor bean endosperm [6] the optimum p H was 10.0. o-Phenanthroline caused some inhibition, indicating the possible involvement of iron, but other chelating agents or thiol-modifying chemicals (p-chloromercuribenzoate, N-ethylmaleimide) had no effect. These results are similar to those obtained from rape seed [3] and spinach leaves [4] .
We found an apparent K,,, for choline of 0.42 m M and a V,,,,, of 1.2 nmol/min per mg of protein.
T h e K,,, and Vm,, obtained from castor bean endosperm [6] were found to be 0.26mM and 5.5 nmol/min per mg of protein, respectively. In higher plants, cDNAs for choline kinase have been cloned from soya bean [9] . For the cloning of pea choline kinase we designed degenerate primers based on the soya bean (GmCKlp, GmCK2p and GmCK3p sequences). T h e central part of the gene was amplified from shoot cDNA by PCR using these primers and then cloned and sequenced. This clone coded for a peptide of 138 amino acids in length showing high homology (86, 85 and 68%) to the soya bean GmCKlp, GmCK2p and GmCK3p, respectively. T h e full-length cDNA was obtained from a pea lgtlO library. A forward primer specific to the pea choline kinase sequence (5'-CAATTGAT-TTTGATTACAAGGAG-3') and a reverse primer designed from AgtlO sequence (5'-GAGG-TGGCTTATGAGTATTT-3') were used. T h e PCR product was cloned into pGEM-T vector and sequenced. A reverse primer specific to the pea choline kinase sequence (5'-CAGCCACT-GCTGGAACT-3') and a reverse primer designed from AgtlO sequence ( S ' X T T T T G A G C -AAGTTCAGCCT-3') were then used. T h e PCR product was cloned and sequenced to give the 3' end of the pea cDNA.
T h e full-length cDNA from pea encodes a protein of 343 amino acids (calculated molecular mass of 39785 Da), which shows 79, 75 and 68 yo homology with the deduced sequences of the soya bean choline kinases (GmCKlp, GmCK2p and GmCK3p respectively; Table 1 ).
Expression of pea choline kinase in €. coli In order to confirm its identity, the pea cDNA was expressed in E. coli. Induction with I P T G produced a significant amount of activity within 20 min. Induction was maximal by 3 h (Table 2) . SDS/PAGE of proteins from the 105000-g supernatant showed increasing amounts of a protein of approx. 44 kDa with time up to about 3 h, after which no further protein was produced. Taking   Table 2 Time course of expression of pea choline kinase in E coli TOPIO One Shot cells T h e availability of high amounts of active pea choline kinase will enable us to study its enzymatic
